One of the major characteristics of autism is impairment of communication and socialization. While such impairment per se has been well documented, research into effective interventions for children with this developmental disorder is still limited. Here we present preliminary evidence for the possibility of improvement of the capability of social perspective-taking in schoolchildren with autism by having intensive experience with narrative, in which they were exposed to narrative in story books read by their parents over a consecutive 5-to 6-day-period. When their capability was evaluated on the basis of a conventional role-taking task, the mean score tended to increase after the exposure as compared to before the exposure, whereas such a change was not recorded in children who did not experience such exposure. These effects were confirmed when the children were retested 4 months later. Although preliminary, the current study represents a step toward the development of more effective social perspective-taking interventions for children with autism.
INTRODUCTION
Particular characteristics of childhood autism involve a profound impairment of communication and language, which is occasionally noticeable despite an adequate capacity for speech among the more intellectually able children with this disorder (Sigman and Capps, 1997; Howlin et al., 1999; American Psychiatric Association, 2013) . Pioneering studies have revealed the fact that those children have characteristic difficulties with personal pronouns and with relative terms for time and space, i.e., with the use of deictic terms (see Baron-Cohen et al., 2000; Markram and Markram, 2010 for review) . A speaker must be sensitive to a hearer's information needs in order to effectively communicate using such deictic terms, but even intellectually able adults with autism have difficulty achieving that, mainly due to impairment of the perspective-taking capability that is involved in the use of deictic terminology (Masataka, 2003) .
Perspective-taking is an area of human functioning that entails a complex repertoire of linguistic and relational behavior. Cognitive and developmental psychologists commonly agree that the capability to take the perspective of another person greatly contributes to an individual's success in social situations, and involves a critical and complex set of skills (Barnes-Holmes et al., 2004) . Perspective-taking involves inferring another person's desire and beliefs, in order to interpret their behavior and predict what they will do next (Sigman and Capps, 1997; Howlin et al., 1999) . Common human activities that are believed to involve perspective-taking include deception, empathy, selfconsciousness, self-reflection, persuasion, and pretence, as well as being essential for effective communication (Howlin et al., 1999) .
Conceptually, perspective-taking can be classified into three levels, i.e., the perceptual level (comprehension of how others perceive the world one also perceives; Piaget and Inhelder, 1956 ), the cognitive level (comprehension of others' personal knowledge and belief; Frith, 2003) and the social level (comprehension of others' emotion and thought ; Mar, 2004) . Impairment in perspective-taking capability in children with autism involves each of these three levels (Reed and Peterson, 1990; Hamilton et al., 2009) . Nevertheless, studies of autism conducted thus far have overwhelmingly concentrated on impairment at the cognitive level (typically known as the theory of mind problem, ToM). ToM is a term for a set of complex cognitive processes, enabled by a system of cognitive mechanisms, which result in "the ability to infer the mental state of others (e.g., their knowledge, intentions, beliefs, and desires)" (Ozonoff and Miller, 1995, p.417) . Consequently, a great number of investigations on cognitive skill or ToM treatments have been conducted with children, particularly preschool children, with autism since the pioneering work by Ozonoff and Miller (1995) , who attempted to develop perspective-taking in nine adolescents with autism in the context of a social skills training program. In the study, five of them in the treatment condition received specific instruction in perspective-taking strategies, while the remaining four (control group) received regular social skills training only. A variety of techniques were employed to teach perspective-taking skills, including role-play and video feedback. At the end of the experiment, 80% of the intervention group improved their ToM composite score, whereas only 25% of the control group did, but no effect was seen on parent or teacher ratings of participant social skills.
Further studies have also shown that children with autism can be taught to pass a ToM test said to be indicative of perspectivetaking (e.g., Swettenham, 1996; Hadwin et al., 1997) . Recently, some children with this disorder have participated in studies of the more basic component skill of perspective-taking (at the perceptual level; Heagle and Rehfeldt, 2006; Gould et al., 2011) . Concerning social perspective-taking, however, there have been virtually no reports of such investigations, though understanding the thoughts, feelings and motivations of others is crucial to successful relationships. Moreover, although social perspectivetaking is particularly important for children in the classroom, most research on intervention for children with autism has focused on the evaluation of its effects on preschool children. The general consensus among researchers is that social perspective-taking can influence many elements of the academic experience and that students who get higher grades also tend to be more motivated and more accurate in their perspective-taking as revealed by recent studies (McKenzie et al., 2010 (McKenzie et al., , 2011 that reported that adolescents with autism were substantially less influenced than neurotypical adolescents in their conditional reasoning by the presentation of contextual cues in the form of alternative and additional arguments. On the basis of this evidence, those authors hypothesized that the participants with autism were less likely to integrate relevant and available contextual knowledge into the reasoning process, which is closely associated with the ability of perspective-taking.
Here, we report the results of our preliminary attempts to provide brief social perspective-taking treatment consisting of telling original narratives in story books. Entertainment by looking at and listening to story books occurs ubiquitously in young children and their caregivers (Aram and Aviram, 2009) . Children are considered to experience a variety of emotions through such opportunities, to acquire literacy skills as well as communication ability, and to cultivate imagery capability (Foorman and Torgesen, 2001; McGee and Morrow, 2005) . A narrative is a depiction of events, which are driven by the intentional behaviors of agents with unique goals, in imagined settings that can parallel the real world (Mar, 2004) . Understanding a narrative requires one to understand the intentions, goals, emotions as well as other mental state of characters, which is known as mentalizing . For narrative comprehension, one must take the perspective of a character and mentally represent his/her emotional state. This is the essential process of successful social perspective-taking.
Therefore, here we hypothesized that abundant experience with such narrative comprehension would enhance the capability of social perspective-taking in children with autism who show impairment in this cognitive aspect. We conducted the present treatment on the basis of the assumption that if children with autism come to achieve successful comprehension of more or less imagery sentences in story books through our treatment, their ability of processing the linguistic content will be enhanced to determine what is to be mentally imagined, and then the mental image can be evaluated and related to the sentence more properly by the children. Consequently, such experience would lead the children to enhance their capability of social perspective-taking. In fact, our findings provide suggestive evidence supporting the hypothesis that the ability to understand mental states of others could be improved by providing children with autism with opportunities to comprehend the activities of characters depicted in stories.
MATERIALS AND METHODS
This investigation was conducted according to the principles expressed in the Declaration of Helsinki. All experimental protocols were consistent with the Guide for Experimentation with Humans and were approved by the Institutional Ethics Committee of the Primate Research Institute, Kyoto University (#2011-150). We obtained written informed consent from the parents of all participants involved in our study.
PARTICIPANTS AND OVERALL DESIGN OF THE PRESENT STUDY
The participants consisted of 16 schoolchildren with autism and either of their mothers or fathers (14 mothers and two fathers). All of them spoke Japanese as their first language. The children had been diagnosed as such according to DSM-V (American Psychiatric Association, 2013) by psychiatrists from several facilities in Kyoto Prefecture, Japan. The general cognitive ability of the participants was assessed using Wechsler Intelligence Scale for Children (WISC III). The children were randomly classified into two groups, i.e., the group referred to as the Experimental Group below or that referred to as the Control Group below. Every child, whether classified into the Experimental Group or into the Control Group, was tested about his/her ability of perspective-taking twice in the 5-to 6-day-long experiment, i.e., at the beginning of the first day of the experiment and at the end of the final day of the experiment. During the experimental period, each child of the Experimental Group received intensive exposure to narrative as a treatment, but no such exposure was experienced by the children of the Control Group. Scores on an intelligence quotient (IQ) test, as well as the mean chronological age, did not differ significantly between the groups, as shown in Table 1 .
PROCEDURE OF EXPOSURE TO NARRATIVE
For the treatment, we created a set of eight original story books in Japanese. The narrative of each of the eight was totally different from the others. However, each consisted of three episodes. The English version of the first episode of a representative narrative was as follows:
There was a boy named Taichi Each time the parent finished telling the first episode of a narrative, he/she was instructed to ask his/her child some questions concerning the mental states of the characters depicted in the episode, and some example questions were actually suggested.
With regard to the representative story mentioned above, they were:
( These questions were open-ended and had many possible proper answers. Parents were told to praise their children no matter how they responded to the questions. Following these questions, the second episode, which was as follows, was related:
One While the first episode was told from the viewpoint of Taichi, the second one was apparently told from the viewpoint of Sayoko.
Having finished reading the second episode, the parents continued by reading the final one after a brief break. This episode was as follows:
Taichi told Tamayo that there was a frog in his hand, and asked whether she loved or hated frogs. Having confirmed that she loved frogs, he showed the frog to her. They played with the frog for a while and released it in a rice field. There, Sayoko came out, and apologized to Taichi about the frog. Taichi forgave Sayoko and they went home together.
Obviously this episode was prepared as an "answer" to the final question of the three the parents asked after telling the first episode. Parents of the participants were asked to read some of the narrative to the participant every day for a roughly 30-min period any time in the day during a 5-to 6-day period in August. Note that the treatment actually lasted only these 5-6 days.
They were given standardized instructions which were as follows: The purpose is to have your child imagine various perspectives and emotions of characters which are depicted in the narrative. Depending on the ability and motivation of your child, you may read to a child, or the child herself/himself may read aloud/silently. The narrative also includes several questions you should ask to your child. You are allowed to converse with your child about impressions about the narrative. If your child unavoidably loses her/his concentration, you need not force him/her to keep reading, but should try again at some other time.
During the experimental period, each parent was asked to keep detailed records about their practice of the exposure to narrative so that we could confirm that the treatment was really undertaken every day.
ASSESSMENT OF THE ABILITY OF PERSPECTIVE-TAKING
Just before the onset of the experiment and upon the completion of the entire experiment, each participant of the Experimental Group was assessed with respect to their competence of perspective-taking (perceptually, cognitively, as well as socially). The same assessment was also made twice for the participants of the Control Group, with the same interval between assessments as that for the participants of the Experimental Group. However, no exposure was conducted during the interval.
The assessment consisted of three tasks to investigate capability of perspective-taking: perceptual, cognitive and social perspectivetaking tasks. The capability of perspective-taking at the perceptual level was evaluated on the basis of the three-mountain-task (Piaget and Inhelder, 1956 ). We prepared four photographs of three blocks, different in shape and colors, which changed in appearance depending on the viewer's perspective. The Experimenter presented one of the photographs on a personal computer, and asked children to guess how others would see it from their viewpoint, and to choose the proper one from the other three photographs by pointing to it. Children were asked twice about the appearance of the right and left side, and when they correctly answered both times, they considered to have passed the task.
The capability of perspective-taking at the cognitive level was evaluated on the basis of the false belief task (secondary level, Perner and Wimmer, 1985) . Perner and Wimmer's (1985) secondorder false belief test requires recursive understanding of one story character's belief about another's belief. Four pictures were presented on a personal computer screen. The Experimenter read aloud the task and asked the children to answer three questions. The first was a question regarding the secondary level of false belief: Where the boy thought the girl thought that the toy was? The two probe questions followed: where the toy actually was, and where the toy was put by the girl at first. Children who correctly answered all three questions were regarded to have passed the task.
For each task, the performance was given a score of points ranging from 0 to 1 for each individual. Children received a "1" if they passed the task and a "0" if they failed the task. On the basis of this score, the average value was computed both for the www.frontiersin.org Experimental Group and for the Control Group before and after the treatment.
Regarding social perspective-taking, the capability of each child was evaluated using a Japanese version of a role-taking task originally developed by Selman (1980) . Each of the items of the task consists of a set of drawings and narrative. The English version of a representative narrative is as follows (each number corresponds to one of several different drawings that are to be presented simultaneously):
( After the narrative, the participant was asked to answer the following questions verbally:
(
1) Why was Junko embarrassed? (2) If Junko decides to climb up the tree to help the cat, what do you expect her father to do? (3) What is the reason for his response? (4) What do you expect regarding the future of the cat if Junko and her father discuss the cat?
All the answers given by all the participants were tape-recorded and transcribed later. These verbal responses were rated by two experimenters, independently, into one of three categories, reflecting three assumed levels of role-taking ability: 1 (differentiated and subjective perspective-taking: concepts of persons are differentiated, but concepts of relations stay subjective), 2 (selfreflective/second-person and reciprocal perspective: one can take a self-reflective or second-person perspective, and consider concepts of reciprocal relationship of self and another), and 3 (third-person and mutual perspective-taking: one can take a third-person perspective, and consider simultaneous and mutual coordination of self and others). When the rates' scores were different from one another between the raters, they discussed it and decided on the final score. Thereafter, the scores for each of the four questions were averaged for the first measurement and for the second measurement, and the mean value was computed for each measurement in the Experimental and in the Control Groups.
RESULTS
On the basis of the parental records, it was found that each participant child in the Experimental Group experienced the exposure to the narrative in a total of 10.4 times on average over the treatment period. As noted above, the purpose of the present study was to evaluate the effects of these experiences upon the capability of social perspective-taking in the schoolchildren with autism, using a conventional role-taking task. Actual transcriptions of all of the participants' answers to question 4 of the role-taking task (Selman, 1980) in the first and the second measurements that is documented in METHODS are shown in Table 2 . As found there, noticeable changes in the answer between the first and the second measurements were seen in four of the nine children in the Experimental Group, whereas similar changes occurred in one of the seven children in the Control Group. Indeed, concerning these four children in the Experimental Group and one child in the Control Group, the overall score did show elevation from 1 (differentiated and subjective perspective-taking: concepts of persons are differentiated, however, concepts of relations stay subjective) to 2 (self-reflective/second-person and reciprocal perspective: one can take self-reflective or second-person perspective, and consider concepts of reciprocal relationship of self and another), or from 2 to 3 (third-person and mutual perspective-taking: one can take third-person perspective, and consider simultaneous and mutual coordination of self and others), whereas no such elevation of the score was recorded for any other participant. One child of the Control Group even showed a decrease of the score from 3 to 2.
In all, among the nine children of the Experimental Group, the number of the children who showed the elevation of the score was 4 whereas that of the Control Group was 1. The number of children who did not show any change was 5 in both of the groups. None of the children showed a decrease of the score in the Experimental Groups whereas one child of the Control Group showed such decrease. When within-group changes were evaluated on the basis of these results, using Sign tests, the increase of the overall rated scores of the role-taking task tended to be significant (p = 0.063) for the participants of the Experimental Group, but not for those of the Control Group (p = 0.75).
With regard to the three-mountain task (Piaget and Inhelder, 1956 ), on the other hand, mean scores (SDs) at the first measurement were 1.00 (0.00) for the Experimental Group and 0.86 (0.38) for the Control Group. The difference of the scores between the groups was not statistically significant (p = 0.35). At the second measurement, mean scores (SDs) were 0.89 (0.34) for the Experimental Group and 1.00 (0.00) for the Control Group. The difference between them was not significant (p = 0.36), either. With regard to the false belief task (Perner and Wimmer, 1985) , mean scores (SDs) at the first measurement were 0.78 (0.45) for the Experimental Group and 0.58 (0.54) for the Control Group. The difference between the scores was not statistically significant (p = 0.68). At the second measurement, mean scores (SDs) were 0.67 (0.50) for the Experimental Group and 0.72 (0.49) for the Control Group. Again, the difference was not significant (p = 0.36).
We also evaluated the ability of social perspective-taking of all the participants except one child in the Experimental Group once again at 40 days after the testing that was performed immediately after the intense treatment, using the same inventory. As shown in Table 3 , however, their scores did not exhibit substantial changes, indicating the long-term stability of the changes evoked by the treatment.
DISCUSSION
The finding of the present experiment that the average rating score was increased between the first and second measurements Frontiers in Psychology | Developmental Psychology Her father will ask someone to bring a ladder, climb on it and help the cat. G They will discuss the way to help the cat. The cat should have been saved. Maybe her father will be able to climb.
H Her father helped the cat! Her father will attempt to help the cat, maybe, by climbing on something like a ladder.
I* I think the cat will possibly be helped because Junko will climb up the tree.
I think the cat will be helped by Junko's climbing up the tree.
Control J Junko will climb up the tree, and her father will keep watching her actions.
The cat will be helped by Junko.
K Her father will climb up the tree. Junko will warn the cat about its action, and ask her father for permission to climb up to it. L I believe her father will permit Junko to climb.
Otherwise, he will climb up by himself.
I think Junko would help the cat.
M+ I think her father will call for a fire truck. Her father will change his mind and permit calling for a fire truck.
N* Junko will be permitted to climb up the tree. As she promised her father, helping the cat will be OK.
O Her father will allow her to help the cat. The cat will be OK because Junko will help it. P Her father will bring a ladder and help the cat. Her father will bring a ladder and help the cat.
Asterisk denotes participants whose scores increased at the second testing, + denotes participant whose scores decreased at the second testing.
only by the role-taking task (Selman, 1980) , which measures the performance of social perspective-taking, exclusively in those participants who experienced exposure to narrative indicates the effectiveness of this exposure as a treatment to promote such ability. The stability of the change of the performance was also confirmed by the results of retesting which was performed 4 months later. Obviously, the cognitive process underlying narrative comprehension is a complicated one. First, it requires one to understand intensions, goals, emotions, and some other variable mental states of the characters (Gernbacher et al., 1992; de Vega et al., 1996; Komeda and Kusumi, 2006) . If narrative comprehension involves social cognitive processes, then we would expect individuals who frequently engage with narratives to benefit socially in some way from these repeated experiences. Namely, with the exposure to narrative, one needs to take the perspective of a character and to mentally represent his or her emotional state to understand the behavior of the character, while social perspective-taking involves the capability of adopting and understanding the perspective of others, on the basis of which one empathizes with their experience and reactions (Davis, 1983; Blair, 2005) . A recent study (Mar et al., 2006) indeed demonstrated that lifetime exposure to narrative fiction, controlling for exposure to expository non-fiction, is positively associated with social abilities, though the correlational nature of that study excludes the possibility of any causal inference. Subsequently, additional evidence was presented supporting the notion that there is a positive relation between exposure to story books and social development in preschool children (Aram and Aviram, 2009; Mar et al., 2010) .
The present attempt to provide intensive exposure of schoolchildren with autism to narrative was conceived in order to pursue this issue further, and to apply such previous findings www.frontiersin.org Table 3 | Comparisons of transcriptions of the verbal responses between the first and the third measurements that were recorded to the question "How do you expect the story of the cat to turn out if Junko and her father discuss the cat? " which was asked in the inventory of social perspective-taking.
Group Participant code 1st 3rd
Experimental A* Junko will climb up the tree. Junko had permission from her father to climb the tree.
B
The cat will be helped by Junko. -C* The cat will be helped by a fire truck equipped with a ladder.
I believe her father will permit Junko to climb.
Otherwise, he will call for a fire truck. D* Junko should have climbed with the help of a ladder. Her father will help the cat with a ladder. E Having no other option, Junko will climb up the tree.
Having no other option, her father will allow her to climb the tree.
F Her father will bring a ladder, climb on it, and help the cat.
Her father will bring a ladder and help the cat. G* They will discuss the way to help the cat. Her father will help the cat.
H
Her father helped the cat! Her father will help the cat somehow.
Junko will climb the tree and help the cat.
Junko will be permitted to climb up the tree just for once.
K+ Her father will climb up the tree. Junko will be permitted to climb up the tree with grown-up. L* I believe her father will permit Junko to climb.
Junko may be permitted to climb up the tree. If she couldn't, then call a friend who is good at climbing. M I think her father will call for a fire truck. Junko call for a fire truck or a neighbor, or wait for the cat climb down, or encourage it. N Junko will be permitted to climb up the tree. -O Her father will allow her to help the cat. The cat will be helped. Junko will talk her father that she wants to help the cat which cannot get down.
Then he will allow her to climb the tree and she will climb to help it. P Her father will bring a ladder and help the cat. I think that her father will bring a ladder and make it through.
Asterisk denotes participants whose scores increased at the third testing, + denotes participant whose scores decreased at the third testing.
for the actual treatment for those children. In fact, the present findings suggest the possibility that in order to cultivate competence in social perspective-taking, intensive experience with story-telling over a period of some length would be effective. As an actual protocol of the intervention, moreover, importance of some open-ended questions the parents were instructed to ask each time they finished telling an episode should also not be dismissed. Because their performance of story-telling per se is likely to merely provide their children with opportunities to attend to a series of behaviors of characters depicted there, those questions could more actively solicit the children to understand the thoughts feelings and motivation of the characters. Traditionally, the visuospatial system has been viewed as an intact area in people with autism, as represented by the phrase, "they are thinking in pictures much of the time" (Grandin, 1995) . Typically, they perform better on a picture-word completion task than on a word-word completion task, suggesting an advantage of visual images over linguistic representation in access to semantics in autism. Recently, such a phenomenon has been explained in terms of an underlying neurological under connectivity among cortical areas in autism (Just et al., 2004) , which could negatively impact or slow integration or communication among cortical regions involved in language and visual imagery processing. This explanation attributes many of the wide-spread abnormalities in psychological functioning in autism to an impairment in the coordination and communication between key brain processing centers. One of the main predictions made based on this explanation is that any facet of psychological and neurological function Frontiers in Psychology | Developmental Psychology
